Abstract
As the BDFG name reiterates, brushes and slip rings are eradicated, hence 125 a more robust and maintenance-free construction. Besides, the BDFG is essen-126 tially a medium-speed machine, which renders the vulnerable high-speed stage 127 of a three-step planetary DFIG gearbox redundant, enhancing the reliability and 128 bringing further economic benefits [16] . These favorable properties are partic-been afforded by the proportionally higher leakage inductances and lower fault 135 current amplitudes than the equivalent DFIG having the well-known difficulties 136 to fully satisfy the LVRT pertaining grid codes [19] . 
where be ∆ω s = ω p /3 whereas P s = P m /4 according to (2). This means that only a
195
25% rated converter would be ideally needed as with the DFIG wind turbines.
196
The The flux equations of (4) can be manipulated as [20] [21] [22] [23] 34 ]:
where λ m is the primary flux coupling the secondary winding, L p,s,m are the 3-201 phase self and mutual inductances derived in [32, 33] 
243
This approach may be a preferable choice since it does not imply any energy 245 losses for the normal MPT operation of WFs without frequency control. However,
246
for the same WS, the power surge is lower compared to the de-loading method,
247
and there is also high susceptibility to WS conditions both during and after the with independent real and reactive power control similar to DFIG [20, 34] , and an 265 optimised 'ducted' rotor design (Fig. 2) 
Studies of Wind Speed Effects

284
The following subsections examine a frequency scenario for step-changes of KE is exhausted with the WTG speed reaching its lower threshold as in Fig. 8 .
312
The zoomed image frames are integrated to the main figures to enhance the visu- new steady-state point with the de-loading method being applied.
332
The results in Fig. 8 
350
The WTG output characteristics presented in Fig. 9 are generally sub-optimal for 351 the de-loading method, however, the desired de-loading ratio is not fully achieved 
where P c and P W F are the actual conventional and wind power generation, re-384 spectively, P L is the total main load and Loading (e.g. 95% of P approach is used to achieve relatively high penetration level of wind power into Table 2 . To retain consistency throughout the 396 paper authors have opted that the inertia constant in these units to comply with the 397 detailed modelling of the synchronous AC area which is described in (7) and (8),
398
thus inertia of the system in seconds is analysed in the next section. Load frequency sensitivity ratio (D l ) 1%
399
The system dynamic inertia constant (H d ) is estimated during the critical 400 stages of the frequency event using the following expression: 
Considered Operating Scenarios
412
In each of the five case studies being examined, the system has suffered a seri- de-loading, which counts as a merit in its own right.
444
The WTGs power surges are almost identical for the two methods. Still, the 445 DFIG appears to be advantageous in this sense as detailed in the zoomed window 446 of the power plot in Fig. 11 . The WTG decelerates during the KE extraction until 447 reaching a lower speed, as depicted in Fig. 11 , which corresponds to the incident 448 frequency variation given the predetermined value of K ex . In this case study,
449
the frequency drop is less than f dropmax , which helps the WTG not to attain the 450 minimum allowed rotor speed. Hence, the WTG continues to operate at the lower of the BDFRG's as shown in Fig. 11 .
458
The H d changes during the considered frequency scenario are presented in reduction according to (9). However, the inertia drop is about 5% of the average 470 value (≈ 3 s). In addition, the overall system inertia is reduced compared to the 471 early stage of the event (i.e. after t = 10 s).
472
Note that H d is evaluated using (9), and denoted accordingly in Fig. 12 
